Abstract. We study the Abel differential equations that admit either a generalized Weierstrass first integral or a generalized Weierstrass inverse integrating factor.
Introduction and statement of the main results
Let x and y be complex variables. In this paper we study the differential equations of the form Equations in the form (1.1) where first studied by Abel in his analysis on the elliptic functions (see [1] ). Abel equations appear in the reduction of order of many second and higher order families, and hence are frequently found in the modeling of real problems in several areas. Thus, for instance, they appear in cosmology (see [11] ), in control theory of electrical circuits (see [7] ), in ecology (see [6] 
In what follows instead of working with the Abel differential equation (1.1) we shall work with the equivalent differential systeṁ
where the dot denotes derivative with respect to the time t, real or complex. * Corresponding author.
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Let U ⊂ C 2 be the domain of definition of system (1.2). Let W be an open and dense subset of U . If this system has a non-constant C 1 function H : W → C which is constant over its solutions, then H is a first integral of it.
The objective of this paper is to study the integrability of the Abel differential equations restricted to a special kind of first integrals. For such systems the notion of integrability is based on the existence of a first integral, and we want to characterize when the differential equations (1.1) have either a Weierstrass first integral or a Weierstrass inverse integrating factor.
When one studies the integrability of a differential system, one of the first class of functions to look for being a first integral are the polynomial functions. Then, one can go a step further and try to look for analytic first integrals. Usually, this is a very hard task and instead of this, one studies the first integrals that can be described by formal series. The use of formal series in the study of differential equations is a classical tool (see for instance [5] , where the author used formal series to prove Dulac's conjecture). Here, guided by the fact that the Abel equations (1.1) are polynomial in the variable y, we study the first integrals that are polynomials in the variable y and formal series in the variable x, called Weierstrass first integrals. This kind of integrability for other type of differential equations has been studied in [8] , [10] .
The integrability of the Abel differential equations has been studied by several authors, see 
